Abstract Oxymatrine extracted from Sophora flavescens Ait as a natural polyphenolic phytochemical has been demonstrated to exhibit anti-tumor effects on various cancers, including Gallbladder carcinoma (GBC). However, its underlying mechanisms of function are largely unknown in GBC cells. The present study is conducted to investigate the antitumor effects and the underlying mechanisms of oxymatrine on GBC cells in vitro and in vivo. The results showed that oxymatrine inhibited cell viability, metastatic ability and induced cell apoptosis in dosedependent manners. Furthermore, we found that the expression of p-AKT, MMP-2, MMP-9 and the ratio of Bcl-2/Bax were significantly down-regulated, while the expression of PTEN was up-regulated in GBC cells. In addition, pretreatment with a specific PI3K/ AKT activator (IGF-1) significantly antagonized the oxymatrine-mediated inhibition of GBC-SD cells. Subsequently, our in vivo studies showed that administration of oxymatrine induced a significant dosedependent decrease in tumor growth. In conclusion, these findings indicated that the inhibition of cells proliferation, migration, invasion and the induction of apoptosis in response to oxymatrine in GBC cells, may function through the suppression of PTEN/PI3K/AKT pathway, which was considered as the vital signaling pathway in regulating tumorigenesis. These results suggested that oxymatrine might be a novel effective candidate as chemotherapeutic agent against GBC.
Introduction
Gallbladder carcinoma (GBC), the most common biliary tract cancer, is the fifth common malignant tumor of the digestive tract, with an incidence of 1-2 cases/100,000 worldwide (Miller and Jarnagin 2008) . However, it is more common in China, with the incidence up to 96 cases/100,000 (Khan et al. 2008; Jia et al. 2011) . Unfortunately, owing to its highly invasive nature and a lack of specific signs, most patients are at an advanced stage when the diagnosis is made Liu et al. 2013a, b) . Surgical resection is the only potentially curative therapy for GBC. Unfortunately, owing to its highly invasive nature and a lack of specific signs and symptoms, most patients are usually detected at an advanced stage. Therefore, only a minority of patients are candidates for curative resection. Moreover, the majority of patients suffer recurrences after surgery. As a result, GBC is associated with an extremely poor prognosis, and the 5-year survival rate is less than 10% Boutros et al. 2012 ). For recurrence and unresectable patients, palliative therapy, such as chemotherapy and radiotherapy, are always introduced to improve prognosis; however, it does not have satisfactory results (Sharma et al. 2010; Abahssain et al. 2010) . Therefore, novel agents and effective treatments are urgently needed for the treatment of advanced GBC.
Plant-derived agents tend to be more structurally diverse ''drug-like'' and ''biologically friendly'' molecular qualities than synthetic compounds at random (Pan et al. 2010) . Therefore, it is an important sources of anti-tumour drug. There is an increasing number of plant-derived antitumor drugs of various structural types both in clinical use and as anticancer candidates (And and Cragg 2007; Valeriote et al. 2015; Butler 2008) . Ku Shen, is the dried root of Sophora flavescens Aiton (Leguminosae), has been used as folk medicine for a long time. Compound Kushen Injection (CKI) has been used for cancer patients in Chinese clinical settings for many years. The efficacy of CKI is evaluated in cancer patients either alone or in conjunction with radiotherapeutic or chemotherapeutic treatments (Lao 2005; Shao 2011; Sun et al. 2012a, b) . Oxymatrine (OM; C 15 H 24 N 2 O 2 ; Fig. 1 ), the main tetracycloquinolizindine alkaloid present in Ku Shen, may act as the specific active ingredient that exhibits a variety of pharmacological effects such as anti-hepatic fibrosis (Chai et al. 2012) , anti-hepatitis virus infection (Wang et al. 2011a, b) , anti-arrhythmic potential (Cao et al. 2010) , and antiinflammation (Gu et al. 2012) . Recently, OM has attracted much more attentions because of its low toxicity and potential anticancer effects. It is believed that the anticancer activity of OM is mainly in inducing the apoptosis of cancer cells (Qin et al. 2009; Song et al. 2007; Chen et al. 2013a, b) and suppressing metastasis (Guo et al. 2015; Li et al. 2015) . Accumulating researchs suggest that the mechanism may associate with decrease of Bcl-2/Bax and the expression of Matrix metalloproteinases (MMPs) and CD44v6 protein Dai et al. 2007 ). However, the upstream target of OM is rarely studied. In addition, up to now, there was no research on the anti-metastatic effect of OM on GBC cells.
In the present study, we attempted to determine whether OM could inhibit the proliferation and invasion of, and induce apoptosis in GBC cells and to clarify the related mechanisms.
Materials and methods

Drugs and antibodies
OM was purchased from Sigma-Aldrich (St. Louis, MO, USA), was dissolved in dimethyl sulfoxide (DMSO; Beyotime Institute of Biotechnology, Shanghai, China) and then diluted with culture medium to make stock solutions of 10 mg/mL. The final concentration of DMSO did not exceed 0.3% in cell culture. The primary antibodies, including rabbit anti-human total-Akt, rabbit anti-human phospho-AKT (Thr308), rabbit anti-human phosphatase and tensin homolog deleted on chromosome ten (PTEN), rabbit antihuman matrix metalloproteinase 2 (MMP-2), rabbit anti-human matrix metalloproteinase 9 (MMP-9), were purchased from Cell Signaling Technology (Danvers, MA, USA). The mouse anti-human Bcl-2 and Bax antibodies were purchased from Abcam (Cambridge, UK). The glyceraldehydes 3-phosphate dehydrogenase (GAPDH) antibody was purchased from Kangchen Bio-tech (Shanghai, China). The secondary antibodies, horseradish peroxidase-conjugated sheep anti-mouse IgG and anti-rabbit IgG were purchased from Cell Signaling Technology. The GBC-SD and SGC-996 cells were purchased from the Cell Bank of the Chinese Academy of Sciences (Shanghai, China). The GBC-SD cells were cultured in DMEM (Gibco, Gaithersburg, MD, USA) at 37°C, 5% CO 2 incubator, while the SGC-996 cells were cultured in Roswell Park Memorial Institute (RPMI; Gibco) 1640 medium. The two types of culture medium were both supplemented with 10% fetal bovine serum (FBS; Gibco). The cells were kept in an exponential growth phase during experiments.
Assessment of cell viability
The effects of OM on the viability of GBC-SD and SGC-996 cells were determined by MTT assay. The cells (5 9 10 3 cells/well) were seeded into 96-well plates and cultured overnight at 37°C in 5% CO 2 . Subsequently, the cells were replenished with fresh medium containing various concentrations of OM (0, 0.5, 1.0, 2.0, 4.0, 6.0 and 8.0 mg/mL) for 24, 48 and 72 h. Then, 20 lL of MTT (Sigma-Aldrich) dissolved in PBS at 5 mg/mL was added to each well and the mixture was incubated in darkness for 4 h at 37°C, 5% CO 2 . Thereafter, the growth medium was removed and 150 lL DMSO was added to each well. The absorbance values at 490 nm were measured by micro-enzyme-linked immunosorbent assay plate reader (Bio-Rad Laboratories, Hercules, CA, USA). The inhibition rate for the proliferation of cells was calculated according to the formula: [1 -A490 (test)/ A490 (control)] 9 100%.
Plate colony-forming assay
The GBC-SD cells were detached into single cell suspension and seeded into 12-well plates (Corning, Corning, NY, USA) at a density of 500 cells/well. After adherence, cells were treated with OM (0, 1.0, 2.0, and 3.0 mg/mL) for 48 h. Then, the complete medium replaced the OM-containing medium. The cells were allowed to form colonies in complete medium for 14 days and the medium was replaced every three days. The cells were then fixed with paraformaldehyde and stained with crystal violet at room temperature for 15 min and the stained colonies that contained C 50 cells were counted.
Hoechst 33342 staining
The apoptosis of GBC-SD cells treated with OM was determined by Hoechst 33342 staining. Briefly, the cells were exposed to OM (0, 1.0, 2.0, and 3.0 mg/mL) for 48 h. Thereafter, the cultured cells on glass coverslips were fixed and stained with 10 lg/mL of Hoechst 33342 (Beyotime Institute of Biotechnology) for 10 min in the dark. After being washed with phosphate-buffered saline (PBS), the samples were observed by an inverted fluorescence microscope (2009). The nuclei having significant morphological changes and the apoptotic cells were identified by their dense nuclei or densely stained fragments.
Annexin V-FITC/PI staining
The GBC-SD cells were seeded into six-well plates at a density of 2 9 10 5 cells per well and incubated with different concentration of OM (0, 1.0, 2.0 and 3.0 mg/ mL) for 48 h. The cells were then harvested and washed with PBS twice. Thereafter, the cells were resuspended with 500 lL binding buffer (19) and stained with Annexin V-FITC/PI (MultiSciences Biotech, Shanghai, China) for 15 min in the dark. Then the cells were detected by flow cytometry (Becton-Dickinson, Franklin Lakes, NJ, USA) within 1 h after staining.
Wound healing assay GBC-SD cells were grown in six-well plates at 2 9 10 5 cells per well and grown to confluence. Wound was created by a sterile micro-pipette tip and washed with PBS to remove the floating cells. The cells were treated with different concentrations of (0, 0.3, 0.6, and 0.9 mg/mL) OM for 48 h, and the migration distance was measured and analyzed.
Migration and invasion assays
The migration and invasion of GBC-SD cells were evaluated by transwell chamber assay (8.0 lm pore size, Millipore, Billerica, MA, USA). For invasion assay, each chamber was precoated with 100 lL of a 1:6 diluted matrigel (BD Biosciences, Shanghai, China) in cold DMEM, while the cell migration assay was performed without coating with matrigel. 5 9 10 the upper chambers and 500 lL medium (10% FBS) was added into the bottom chambers. GBC-SD cells were exposed to OM at concentrations of 0, 0.3, 0.6, and 0.9 mg/mL for 48 h, respectively. Then the invaded cells were fixed and stained with crystal violet for 10-15 min. The cells in 5 randomly selective fields were counted.
Western blot analysis GBC-SD cells were plated in six-well plates and treated with OM (0, 1.0, 2.0 and 3.0 mg/mL) for 48 h. Thereafter, the cells were lysed with 200 lL lysis buffer, followed by denaturation. The protein concentration was determined using the bicinchoninic acid assay system (Beyotime Institute of Biotechnology) with BSA as a standard. Equal quantities (80 lg protein per lane) of each sample were separated by SDS-PAGE (10 or 12%) and transferred onto PVDF membranes (Beyotime Institute of Biotechnology). The membranes were subsequently blocked by defatted milk (5% in Tris-buffered saline with TWEEN-20 (TBST) buffer) for 1 h at the room temperature. Then, the membranes were incubated with primary antibodies against PTEN, AKT, p-AKT, MMP-2, MMP-9, Bcl-2, Bax, GAPDH overnight at 4°C. Thereafter, the membranes were incubated with the appropriate secondary antibodies conjugated with horseradish peroxidase (1:5000) for 1 h at room temperature. After each incubation period, the membranes were washed with TBST for three times. The blots were detected using an enhanced chemiluminescence kit (Thermo Scientific, Shanghai, China). The blots were semi-quantified by Image J software. Equal protein loading was assessed by the expression of GAPDH.
In vivo efficacy of OM Fifteen BALB/C male nude mice (4 weeks old) were obtained from Shanghai SLAC Laboratory Animal Center of Chinese Academy of Sciences (Shanghai, China). Protocols for animal experiments were approved by the Animal Welfare Committee of Xuzhou Medical University. All animals were maintained throughout in specific pathogen-free (SPF) environment. GBC-SD cells (2 9 10 6 ) were suspended in 150 lL PBS and subcutaneously injected into the right axillary fossa of each mouse. After one week, the mice were randomized into three groups (n = 5 per group). Thereafter, the treatment groups were injected intravenously at two doses of OM (50 and 100 mg/kg) on alternative days, respectively. Meanwhile, physiological saline was administered to the negative control group. All mice were administered ten times and killed one week after treatment, and the tumors were dissected and weighed. The tumor volume (TV) was calculated by the formula: TV = 0.5 9 a 9 b 2 , in which a and b represent the maximal and minimal diameters.
The tumor tissues were fixed in neutral formalin and embedded in paraffin. Then the specimens were sectioned at 3 lm and the expression of PTEN, MMP-2 and Ki67 (mouse anti-Ki67 antibody: GeneTex Inc., Irvine, CA, USA) were examined by immunohistochemistry with the streptavdin-peroxidase (S-P) kit (Fuzhou Maixin Biotechnology Development Co., Fuzhou, China). The percentages of positive cells were enumerated in each section under five fields of medium magnification (4009).
Statistical analysis
Statistical analysis was carried out using SPSS 17.0 statistical software. Experiments were repeated three independent times and all data are expressed as mean ± standard deviation (SD). Differences between groups were analyzed using one-way ANOVA, while t test (Student test) was used to compare two groups. All statistical tests were twosided. P \ 0.05 was considered to indicate a statistically significance.
Results
OM inhibits the proliferation of GBC-SD cells
The MTT assay was carried out to test the proliferation inhibition effects of OM on GBC-SD and SGC-996 cells. Cells were treated with OM at a concentration of 4 mg/mL for 48 h. The results demonstrated that GBS-SD cells were more sensitive to OM than SGC-996 cells (Fig. 2a) . Therefore, GBC-SD cells were used in the subsequent experiments. Then, GBC-SD cells were treated with OM at different concentrations for 24, 48 and 72 h. The results showed that OM can inhibit the proliferative activity of GBC-SD cells in a dose-and time-dependent manner (Fig. 2b) . The half maximal inhibitory concentration (IC 50 ) of GBC-SD cells at 24, 48 and 72 h were approximately 5.02 ± 0.28, 3.18 ± 0.24 and 1.95 ± 0.28 mg/mL, respectively. According to the curve, we chose 0, 1.0, 2.0 and 3.0 mg/mL as the concentration range in the following experiments. Additionally, the plate colonyformation assay was done to investigate the effect of OM on the proliferation of GBC-SD cells. Similarly, the number of colonies of OM-treated GBC-SD cells was significantly lower than that in the control group (Fig. 2c, d ). These findings indicated that OM has an anti-proliferative effect on GBC-SD cells.
OM induces the apoptosis of GBC-SD cells
We further investigated the pro-apoptotic effect of OM by Hoechst 33342 staining and Annexin V-FITC/ PI double staining and FCM methods. The OM-treated GBC-SD cells exhibited strong blue fluorescence and cell nuclei appeared to be highly condensed, while cells in the control group exhibited uniform blue chromatin with organized structure (Fig. 3a) . This was confirmed by flow cytometry assay. As shown in Fig. 3b , c, after treatment with OM (0, 1.0, 2.0, and 3.0 mg/mL) for 48 h, the apoptotic rates of GBC-SD cells were 14.96 ± 4.96, 21.14 ± 4.95 and 39.66 ± 6.47%, respectively, significantly higher than that of the control group (5.87 ± 1.15%, P \ 0.05). These data suggested that OM induced apoptosis in GBC-SD cells dose-dependently.
OM inhibits the motility of GBC-SD cells
Invasion and migration play an important role in the complicated process of metastasis of cancer cells. Therefore, wound healing assay and transwell chamber assay were carried out to evaluate the effect of OM on the metastatic potential of GBC-SD cells. Our results indicated that OM could depress the invasive and migratory capabilities of GBC-SD cells in a dosedependent manner (Fig. 4) . Moreover, OM at these concentrations (0, 0.3, 0.6 and 0.9 mg/mL) did not significantly reduce the viability of GBC-SD cells, which suggested that the inhibition of GBC-SD cells migration and invasion by OM was not the result from a reduction of cell viability. . It was found that matrine and oxymatrine can target the AKT signaling pathway and exhibit inhibitory effects on many cancer cells . Therefore, the changes of the expression of p-AKT were assessed by Western blot. As shown in Fig. 5a , treatment with OM reduced the expression of p-AKT, but did not affect the expression of total AKT. Then, we checked the changes of PTEN, which is the upstream factor of AKT. The result showed that OM could cause an up-regulation of PTEN, which may be one of the reasons of OMmediated decrease of p-AKT (Fig. 5a ). Thereafter, it was confirmed by IGF-1, an activator of PI3K/AKT pathway. One hundred nanograms per milliliter of IGF-1 partially decreased the inhibitive effect of OM on GBC-SD cells (Fig. 5d, e) . These observations suggested that OM inhibiting the invasion and inducing apoptosis in GBC-SD cells may function through PTEN/PI3K/AKT signaling pathway.
Furthermore, to further reveal how OM induces apoptosis, Bcl-2 family proteins were investigated, b Cells were treated with OM (0, 1.0, 2.0, 3.0 mg/mL) for 48 h, and then examined by flow cytometry. c Data are presented as mean ± SD, and each experiment was carried out in triplicate (*P \ 0.05; **P \ 0.01 vs. control). Scale bars indicate 40 lm which plays an important role in cell apoptosis. Our results showed that the expression of Bax was upregulated, and the level of Bcl-2 was down-regulated in OM-treated GBC-SD cells (Fig. 5b) . Therefore, we concluded that the increase in the Bax/Bcl-2 ratio was correlated with the OM-induced apoptosis in GBC-SD cells. In addition, MMPs are crucial to cell migration and invasion, thus, the expression of MMP-2 and MMP-9 was assessed by western blot. As illustrated in Fig. 5c , the expression of MMP-2 and MMP-9 treated with different concentrations of OM were suppressed in dose-dependent manners compared with the control group.
OM inhibited the growth of GBC-SD xenografts in nude mice
To further evaluate the effects of OM on tumor growth in vivo, GBC-SD cells were xenografted into nude mice. As shown in Fig. 6 , the volume and weight of xenograft tumors were significantly inhibited in the OM-treated groups compared with the negative control group. The inhibition rates were 16.29 and 35.35%, respectively, and their differences are statistically significant (P \ 0.05).
Furthermore, the xenograft tumor tissues were examined by immunohistochemistry (IHC) staining. The expression levels of PTEN, MMP-2 and Ki67 in OM-treated tumors were examined. As shown in Fig. 7 , the expression of MMP-2 and Ki67 was downregulated, while the level of PTEN was up-regulated in the OM-treated groups.
Discussion
Recently, an increasing number of studies have revealed that OM exhibited various pharmacological activities and anti-tumor activities, and could be used as alternative treatment for various cancers (Ho et al. 2009 ). However, to the best of our knowledge, the anti-proliferation and anti-metastatic effect on GBC cells, as well as the underlying mechanisms, have not been previously reported. In this study, we have shown Apoptosis is a vitally regulated cell suicide process, which plays an important role in the maintenance and development of tissue homeostasis (Xie et al. 2014) . In regard to uncontrolled proliferation of tumor cells, one of the important properties of anti-tumor drugs is thought to be successful apoptosis induction (Plati et al. 2011) . The induction of apoptosis seems to be a standard and the best strategy in anti-tumor therapy (Yang et al. 2014 ). In addition, cancer metastasis is a complicated and multi-step process, which is a major cause of cancer-related death, depending on the migration and invasion of cancer cells ). Metastasis is one of the most important reasons of cancer-related death among the GBC patients (Yun and Kim 2013) . Therefore, an agent which can efficiently inhibit the tumor cell proliferation, migration, and invasion and induce cell apoptosis will be a hopeful candidate to suppress cancer growth and metastasis and thus reduce cancer-related mortality.
The proliferation and metastasis of cancer cells are a complicated process with involvement of a series of signaling pathways (Wang et al. 2011a, b) . In order to elucidate the molecular mechanisms about how OM induced apoptosis and suppressed the migration and invasion of GBC-SD cells, we investigated several related proteins in OM-treated GBC-SD cells. The PI3K/AKT signaling pathway, which is overactive in many cancers, plays an important role in the tumor cell growth, proliferation, apoptosis and migration (Garcia-Echeverria and Sellers 2008) . Blockage of the PI3K/AKT pathway results in programmed cell death and growth inhibition of cancer cells (Liu et al. 2013a, b) . As the major downstream kinase of PI3K, p-AKT was down-regulated in a dose-depended manner when GBC-SD cells were treated with OM. Many studies demonstrated that PTEN is a negative regulator of the PI3K/AKT pathway (Gan and Zhang 2009 ). Activation of PTEN may lead to downregulation of the PI3K/AKT pathway. Combining the results obtained from the treatments of GBC-SD cells with OM and IGF-1, it was further verified that the inhibitory effect of OM can be attributed, at least partially to AKT inactivation.
In order to further clarify its underlying mechanism, the related downstream proteins of PI3K/AKT pathways were checked. In most cells, apoptosis of cancer cells in response to cytotoxic agents needs an intact mitochondrial apoptosis pathway, and the Bcl-2 family members, Bax and Bcl-2, serve as critical regulators of the mitochondrial-dependent apoptotic pathway (Hale et al. 1996) . Bcl-2 that negatively regulates apoptosis promotes cell survival, whereas Bax that positively regulates apoptosis stimulates mitochondrial damage (Bagci et al. 2006 ). The b Fig. 5 OM suppressed PTEN/AKT pathway in GBC-SD cells.
a-c GBC-SD cells were treated with OM at concentrations of 0, 1.0, 2.0 and 3.0 mg/mL for 48 h, then the expression of the indicated factors was examined by Western blot. GAPDH was used as the sample loading control. The expression of p-AKT was analyzed by densitometry normalized with the corresponding total AKT with the ratios of p-AKT/AKT. d Effects of IGF-1 on OM-induced apoptosis detected by Annexin V-FITC binding and PI staining method. GBC-SD cells were treated with OM (3.0 mg/mL) in the presence or absence of IGF-1 (100 ng/mL) for 48 h. e IGF-1 decreased the inhibitory effect of OM on GBC-SD cells. Transwell assay of GBC-SD cells treated with OM (0.9 mg/mL) in the presence or absence of IGF-1 (100 ng/ mL) for 48 h. Data are presented as mean ± SD, and each experiment was carried out in triplicate (*P \ 0.0; **P \ 0.01 vs. the control group; ## P \ 0.01, vs. the OM-only group) Fig. 6 OM inhibited the growth of GBC-SD xenograft tumors in nude mice. a GBC-SD cells were implanted subcutaneously into nude mice, and mice were treated with either OM (50, 100 mg/kg) or control (sterile physiological saline). After treatment, all mice were examined and the tumor volume was measured and compared. b After finishing administrations, the tumors were harvested and weighed. Data are presented as mean ± SD (*P \ 0.05 vs. control group, **P \ 0.01) occurrence and severity of apoptosis depend on the ratio of Bcl-2/Bax (Orrenius 2006) . From our data, it may be concluded that OM induced GBC-SD cell apoptosis by activating the intrinsic mitochondrial pathway. Besides cell proliferation, invasion and migration are also two of the most important behaviors of malignant cells. MMPs are highly associated with the progression and development of cancers (Chambers and Matrisian 1997) . It has been demonstrated that the expression of MMP-2 and MMP-9 were correlated with lymph node metastasis, invasion and vessel permeation (Tanioka et al. 2004; Shima et al. 1992) . Moreover, previous studies found that the AKT signaling pathway was associated with the expression of MMP-2 and MMP-9 in cancerous and healthy tissues (Chen et al. 2013a, b; Jin et al. 2008) . Taken together, our results proved that OM inhibited the proliferation, migration, and invasion, and induced the apoptosis of GBC-SD cells, and the underlying mechanism was likely associated with PTEN/PI3K/ AKT and its downstream signaling pathways.
In conclusion, the present study demonstrated the inhibitory effects of OM on the proliferation, migration, invasion, and metastatic abilities of GBC-SD cells. The underlying mechanisms was involved in regulating of PTEN/PI3K/AKT and its downstream signaling pathways. Although these results warranted further testing, the present findings of OM in GBC-SD cells indicated that OM could be recognized as a novel useful chemotherapeutic agent candidate against GBC. 
